Introduction
Autism is a complex Pervasive Developmental Disorder (PDD) characterized by impaired language, communication, and social skills, as well as by repetitive and stereotypic patterns of behavior, appearing before 3 years of age [American Psychiatric Association, 1994] . Heritability estimates greater than 90% have spurred major efforts aimed at elucidating the genetic and neurobiological underpinnings of this disease [for reviews, see DiCicco-Bloom et al., 2006; Persico & Bourgeron, 2006 ]. Yet, our understanding of autism pathogenesis is far from satisfactory. Difficulties have arisen both from the clinical and from the genetic perspectives. On one hand, categorical diagnoses represent only an easy-to-use approximation to the real clinical complexity of ''autism spectrum disorder'' (ASD), a dimensional continuum which can range from minimal autistic traits to fullblown autism [Piven, Palmer, Jacobi, Childress, & Arndt, 1997 ]. An additional level of clinical complexity is contributed by co-morbidity with epilepsy and mental retardation, present in up to 30 and 65% of autistic patients, respectively [Fombonne, 2005; Tuchman & Rapin, 2002] . Likewise, an initially unexpected degree of genetic complexity stems from interindividual heterogeneity, rare disease-causing de novo mutations, common variants at numerous loci conferring vulnerability or protection, incomplete penetrance, phenocopies, genomic instability often accompanied by parental germline mosaicism, gene-gene and gene-environment interactions [for reviews, see Lintas & Persico, 2009; Persico & Bourgeron, 2006] .
Despite the extraordinary challenge posed by this disease, different lines of evidence are starting to converge upon some basic features of the pathogenetic processes underlying autistic disorder. Developmental abnormalities later leading to autism begin in most cases prenatally, reducing apoptosis and/or boosting cell proliferation, and affecting cell migration, differentiation, and synaptogenesis [Bauman & Kemper, 2005; DiCiccoBloom et al., 2006; Miller et al., 2005; Persico & Bourgeron, 2006] ; postnatally, these abnormalities yield excessive head and body growth in a large subset of patients [Courchesne et al., 2007; Lainhart et al., 2006; Sacco et al., 2007] . Despite prominent involvement of the central nervous system, systemic signs and symptoms such as macrosomy, immune dysreactivity, and renal peptiduria are also present [Jyonouchi, Geng, Ruby, & Zimmerman-Bier, 2005; Lainhart et al., 2006; Reichelt, Knivsberg, Nodland, Stensrud, & Reichelt, 1997; Sacco et al., 2007] . In particular, contributions by the immune system have received strong support by in vivo and postmortem findings [Garbett et al., 2008; Vargas, Nascimbene, Krishnan, Zimmerman, & Pardo, 2005] . Unfortunately, immune abnormalities are not simple to connect with neuropathological findings and behavioral symptoms.
The present study was designed to further delineate the complex pathogenetic processes underlying autistic disorder. To this aim, we have implemented a multi-step statistical approach, whose outcome supports the existence of at least four principal components potentially contributing to autism pathogenesis, hereby named ''circadian and sensory dysfunction,'' ''immune dysfunction,'' ''neurodevelopmental delay,'' and ''stereotypic behavior.'' These components together represent 74.5% of phenotypic variance in our sample. Marker variables for the latter three components are significantly associated with head size, global peptiduria, and 5-HT blood levels, respectively.
Methods and Materials

Subjects
A total of 245 patients with idiopathic, non-syndromic ASD were consecutively recruited in Italy between 1998 and 2007. Their demographic and clinical characteristic are summarized in Table I . Compared with clinical samples assessed in studies employing similar approaches [for review see Happé & Ronald, 2008] , this sample overlaps in distribution of DSM-IV diagnoses, while displaying higher M:F ratio and mental retardation rates. Syndromic autism was excluded by magnetic resonance imaging, electroencephalogram (EEG), audiometry, urinary amino acid and organic acid measurements, cytogenetic and fragile X testing. Patients with evident dysmorphic features were excluded even in the absence of detectable cytogenetic abnormalities. Patients with sporadic seizures (i.e., o1 every 6 months) were included (N 5 16/245, 6.5%); patients with frequent seizures or focal neurological deficits possibly suggestive of undiagnosed syndromic forms were excluded. All parents gave written informed consent for themselves and for their children. The consent form was approved by the Institutional Review Board of University ''Campus Bio-Medico'' (Rome, Italy).
Measures
Our entire sample was characterized using a questionnaire designed by our group, encompassing 36 developmental, clinical, and family history variables, as previously reported [Sacco et al., 2007] . The English version of this questionnaire is available in the Supplemental Methods (item no. 1), variables are listed in Supplementary Table S1, responses to each variable are  presented in Table II . The psychometric properties of this questionnaire were not rigorously validated, because it does not represent a diagnostic tool. It is simply a list of variables describing clinical features, as well as patient and family history. These variables were selected, based on the literature available in 1997, on clinical observation, and on parental reports. Demographic information and physical parameters, including head circumference, weight, and height were also recorded. Autistic behaviors, adaptive functioning, and IQ were assessed in subsets of [Sparrow, Balla, & Cicchetti, 1984] (N 5 129 patients); either the Griffith Mental Developmental Scales, the Colored Raven Matrices, the Bayley Developmental Scales or the Leiter International Performance Scale, depending on the age of the patient and on the recruiting site, dichotomizing patients into two categories, either IQ 470 or r70 (N 5 75 patients). Importantly, ADOS and ADI-R cut-off scores for ASD were exceeded by 92.9 and 95.6% of patients enrolled here with a clinical DSM-IV diagnosis of an ASD, confirming the diagnostic reliability of our recruitment, which was carried out by the same clinicians both before and after 2005. Three biological endophenotypes were also assessed. Head circumference was measured in all 231 ASD patients aged o16 years old, and transformed into percentiles using the sex-and age-specific standard tables currently adopted in the vast majority of European countries and by the Italian Pediatric Association, as described [Sacco et al., 2007] . Serotonin blood levels were measured in the platelet-rich plasma of 138 ASD patients aged o11 years old, as described [Piven et al., 1991] , and are expressed in ng/ml. Analyses were restricted to pre-puberal children not undergoing treatment with selective serotonin reuptake inhibitors (SSRIs), to prevent the confounding effects of sex hormones and of drugs interfering with serotonin uptake into platelets [McBride et al., 1998; Persico et al., 2002] . Statistical adjustments by age, gender, and medication would be unreliable in this situation, because the extent of blood 5-HT decrease recorded after puberty or under SSRI treatment is not linearly related to these variables, but more likely depends on pharmacogenetic parameters, as well as on sex hormone blood levels and cellular responsiveness. Global amounts of oligopeptides present in the first morning urines were measured by HPLC in 151 ASD patients, by calculating the total area under the 215 nm absorption curve (AUC) in the region following the hippuric acid peak, as described [Reichelt, Ek, Stensrud, & Reichelt, 1998 ]. Only the global AUC expressed in mm 2 ,
and not single peptide peaks, were used in the present study as an endophenotypic measure. A detailed protocol is provided in the Supplemental Methods (item no.2), together with a description of internal and external controls, as well as two exemplificative chromatograms (Supplementary Figure S1A and B). One outlier with 5-HT blood level at 1927.2 ng/ml (i.e., 43 SD), confirmed by two independent HPLC measurements, was excluded Variables are listed by questionnaire item number and distinguished between items (A) based exclusively on parental report and (B) observed or assessed directly by the clinician at intake. For the principal component analysis, 22 items highlighted in bold were selected (for IQ, see Table I ), while partly overlapping items highlighted in italics were combined into the 3 variables listed under (C). Sample sizes refer to valid cases; whenever largely below N 5 245, either the function under scrutiny was achieved by a smaller subset of patients or ''don't know'' answers were frequent and the item was dropped from the analysis (see Methods). Scores for categorical variables are ordered from least-to-most severe. Quantitative variables are reported as mean7SD (range); categorical variables are reported as N (%). from further analysis. The clinical and demographic characteristics of the final subsets of 138 and 151 ASD patients analyzed for 5-HT blood levels and global peptiduria, respectively, are presented in Supplementary  Table S2 , and do not largely differ from the characteristics of the total sample presented in Table II .
Statistical Analyses
Patient and family history variables were analyzed implementing a step-wise approach, including: (1) an exploratory principal component analysis, (2) a followup inter-and intra-component cross-correlation analysis, and (3) an association analysis between component variables and three biological endophenotypes. Principal component analysis represents the statistical multivariate strategy of choice when aiming to reduce a large number of variables down to a small set of components [Tabachnick & Fidell, 1989] . By its very nature, principal component analysis is not an hypothesis-testing technique requiring control for multiple testing; it is an exploratory and descriptive approach, yielding stable and reliable models if a minimum of approximately ten subjects per variable is analyzed [Tabachnick & Fidell, 1989] . In order to satisfy this criterion, the number of variables was reduced from 37 (36 questionnaire items, plus presence/absence of mental retardation based on IQ) down to 22 by: (a) dropping items no. 7, 11, 13, 14, 22, 24, and 30 (see Table II ), due to low informativeness (i.e., either No80 cases, or minor class frequency o10%, and/or factor scores consistently o0.1 for all principal components, regardless of data extraction and rotation technique); (b) combining items no. 15-17, 19-20, and 31-36 into three single items ''History of any infectious disease at autism onset,'' ''History of obstetric complications and/or recurrent spontaneous abortions in the mother,'' and ''History of any allergic and/or immune disease in the family,'' respectively (Table II) , eliminating multicollinearity and singularity; and (c) dichotomizing answers to items no. 18 and 21. Our final data set thus included 22 quantitative variables (18 items from the questionnaire, 3 multi-item variables, and 1 item based on IQ score), with categorical and quantitative variables scored on an ordinal and interval scale, respectively. Five variables (items no. 1, 2, 4, 5, and 6) were logtransformed to achieve normality [Tabachnick & Fidell, 1989] . At this point, four different factor extraction techniques were tested (principal components, unweighted least squares, image factoring, and maximum likelihood factoring, followed by either oblimin or varimax rotations), as requested by this analytical approach. We are hereby reporting the outcome of a principal component analysis performed selecting principal components based on a threshold eigenvalue 41.7, followed by oblimin rotation with Kaiser normalization [Tabachnick & Fidell, 1989 ]. This threshold eigenvalue was chosen following examination of the scree plot shown in Supplementary Figure S2 , whereas this overall design was chosen to maximize the variance explained by a small number of components, displaying relatively high intra-component and low inter-component correlations (see Results). As a term of comparison, a threshold eigenvalue 41 produced as many as nine principal components, altogether able to explain 59% of the variance compared to 85.7% of the variance explained by the five components identified in our analysis (see Results). The outcome of the principal component analysis presented here is practically superimposable to the model obtained applying unweighted least squares (Supplementary Table S3A ), whereas image factoring and maximum likelihood factoring produced 4-and 6-component models which explain significantly lower percentages of variance and appear less biologically plausible (Supplementary Table S3B and S3C). Follow-up analyses included inter-component crosscorrelations using Spearman's r statistics to test for independence among putative principal components, and intra-component cross-correlations among variables with oblimin-rotated factor loadings 40.4 (negative factor loadings typically represent minimum levels of correlation and values distributed around zero represent intermediate, non-significant levels of correlation). Interand intra-component cross-correlations were performed using non-parametric Kendall's t statistics. Principal components were confirmed if at least 50% of their variables with oblimin-rotated factor-loadings 40.4 were significantly correlated with each other and were not included into components explaining larger percentages of variance. Within each component, variables were retained if they were significantly correlated with at least one other variable.
Finally, the association between principal components and morphometric/biochemical endophenotypes (head circumference, 5-HT blood levels, global peptiduria) was used to begin verifying the existence of independent biological underpinnings for each component. Factor analytical techniques provided no statistically stable and scientifically meaningful model when incorporating three additional biological variables into our original 22-variable phenotypic data set, due to sample size limitations. Hence, factor scores for each component were obtained using the regression method (the Bartlett and the Anderson-Rubin methods gave superimposable results), and morphometric/biochemical endophenotypes were correlated with these cumulative factor scores and with single variables present in each component, especially with ''marker variables'' displaying the largest intra-component cross-correlation coefficients [Tabachnick & Fidell, 1989] . Correlation analyses were performed using non-parametric Kendall's t statistics; quantitative analyses were performed by Mann-Whitney U test and/or Kruskal-Wallis non-parametric ANOVA. Endophenotypic data are reported as median percentile7 semi-interquartile range (IQR) for head circumference, and as mean7standard error of the mean (SEM) for 5-HT blood levels and peptiduria. Statistical significance is set at a nominal two-tail Po0.05, unless otherwise specified. Statistical analyses were performed using SPSS software release 17.0 (SPSS INC, Chicago, IL).
Results
The outcome of all questionnaire items is summarized in Table II . A principal component analysis performed on these data, as described above, identifies five putative principal components (Table III) . This five-component model represents 85.7% of the variance, with approximately 60% of the variance explained by the first three components (Table III) . Inter-component correlation analyses unveil a lack of correlation among these five putative principal components, with r values ranging from À0.139 to 10.066 (mean r 5 À0.0276) (Supplementary Table S4 ). Intra-component correlation analyses confirm the existence of components 1-4 (Table IV) . Putative component 5 does not qualify, because less than 50% of its variables are significantly correlated with each other; furthermore, the correlation between hyperactivity and reduced pain sensitivity is already included in component 1, which explains a much larger percentage of variance (Table IV) . Also a limited number of variables, namely muscle hypotonia and level of verbal language development in components 2 and 4, respectively, are not correlated with any other intra-component variable and most likely represent false-positives (Table IV) . These variables are dropped and four principal components are conclusively defined at the end of follow-up analyses, as summarized in Table V . The substructure found in component 1 (see Table IV ) is recognized by distinguishing within this component two subcomponents, encompassing: (A) sleep disorders and self-injurious behaviors, on one hand, and (B) hyperactivity, decreased pain sensitivity, delayed non-verbal language development and abnormal level of language development, on the other hand (Table V) . For simplicity, the four components are labelled ''circadian and sensory dysfunction,'' ''immune dysfunction,'' ''neurodevelopmental delay,'' and ''stereotypic behavior'' (Table V) . ''Age at non-verbal language development'' and ''level of verbal language development'' represent the only complex variables, comprised in components 1 and 3, while all remaining variables load onto a single component ( Table V) , confirming that these four components are largely independent from each other (Supplementary Table S4) . A follow-up principal component analysis excluding also the five variables dropped after the intra-component cross-correlation step (EEG abnormalities, muscle hypotonia, obstetric complications in the patient, mental retardation, history of regression) yields a fivecomponent structure, explaining 47.1% of the total variance. This component structure especially replicates the ''neurodevelopmental delay,'' ''immune dysfunction,'' and ''stereotypic behavior'' components, in accordance with the more complex substructure of the ''circadian and sensory dysfunction'' component (Supplementary Table S5 ). To begin dissecting the biological underpinnings of this component model, we measured three morphological/ biochemical endophenotypes, namely cranial circumference (N 5 231, 75723.8 percentile), serotonin blood levels (N 5 138, 381.6724.6 ng/ml) and global peptiduria (N 5 151, 291.7713.9 mm 2 ). The distributions of these parameters in autistic patients are depicted in Supplementary Figures S3, S4 , and S5. Familiality was demonstrated for all these endophenotypes in our own sample, as head size, 5-HT blood levels, and peptiduria co-vary in first-degree relatives, depending on the level of these parameters recorded in the autistic proband (Table VI) . Despite some complexity, the overall patterns of correlation between principal components and the three endophenotypes appear clearly non-random (Table VII) . The highest discriminatory power is evident in components 3 and 4. The ''neurodevelopmental delay'' component displays significant positive correlation with peptiduria (P 5 0.014), and negative correlation with 5-HT blood levels (P 5 0.04). Importantly, single variables that were significantly correlated exhibited the same relationships with the endophenotypes as the whole component (Table VII) . Instead, correlations with items belonging to the ''stereotypic behavior'' component display exactly the opposite trend in reference to peptiduria, and 5-HT blood levels, reaching overall P values of 0.052 and 0.063, respectively (Table VII) . Correlation patterns are less consistent for the ''circadian and sensory dysfunction'' and the ''immune dysfunction'' components. The former is negatively correlated with 5-HT blood levels, but this result is essentially driven by the strong negative correlation of ''presence/absence of self-injury'' with serotoninemia. The latter component displays no significant overall correlation with any endophenotype. Two single variables belonging to the ''immune dysfunction'' component, namely the marker variable ''history of allergies in the patient'' and ''immune and/or allergic disease in the family,'' are significantly correlated with head circumference and with 5-HT blood levels, respectively (Table VII) . The abovementioned significant correlations for components 2-4 can be better visualized using quantitative analyses ( Fig. 1 and Table S6 ). Interestingly, 15 patients undergoing a gluten-and/or casein-free diet (i.e., ''yes'' responses in Table II spoken language (Supplementary Table S5 ), as only 13.5% of these children were dieting, vs. 18.3% of the remaining sample. Restricting our entire stepwise statistical procedure either to patients satisfying DSM-IV diagnostic criteria for ''autistic disorder'' (N 5 210, Table I ), or to ASD patients younger than 18 years old (N 5 226) yields results entirely overlapping with those summarized above (data not shown).
Discussion
This study outlines possible contributions to autism by at least four underlying pathophysiological components, here defined ''circadian and sensory dysfunction,'' ''immune dysfunction,'' neurodevelopmental delay,'' and ''stereotypic behavior.'' It further unveils the existence of correlations between at least some of these components and three biological endophenotypes, namely macrocephaly, peptiduria, and hyperserotoninemia, respectively. While the strength of these correlations is influenced by statistical power and stochastic factors, the consistency of their direction in the ''neurodevelopmental delay,'' and ''stereotypic behavior'' components is surprising, as they involve apparently distant clinical and patient-history variables. Despite several methodological limitations analyzed below, these results provide novel and unpredicted pieces of information, each bearing significant heuristic potential: (a) altered circadian rhythms and abnormal sensory processing could be pathophysiologically connected, albeit in a complex fashion (component 1); (b) converging lines of evidence, including but not limited to the present data set, support a dysreactive immune process or an autoimmune component in autism pathogenesis, which is likely shared by patients and first-degree relatives [Saresella et al., 2009] (component 2). This dysreactive immune process appears surprisingly correlated here with the obstetric complications frequently reported by mothers of ASD patients [Kolevzon, Gross, & Reichenberg, 2007] ; (c) multiple neurodevelopmental milestones, including verbal and non-verbal language, walking and sphincter control, tend to co-vary and are often collectively delayed or hampered (component 3). This multifunctional developmental delay is significantly correlated with higher global amounts of oligopeptides present in the first morning urines; (d) the only neurodevelopmental milestone clearly distinguishable from the previous cluster is social smile, whose delayed appearance is significantly correlated with an increased probability of observing verbal and/or motor stereotypies at intake, and with elevated 5-HT blood levels (component 4).
Correlation does not imply causation. Even assuming that pathophysiological mechanisms do link variables Descriptive statistics of head circumference, 5-HT blood levels, and global peptiduria in 550 first-degree relatives of the 245 autistic probands assessed in this study. First-degree relatives are divided into classes, which refer to parameters as recorded in their autistic family member; cut-offs for 5-HT blood levels and global peptiduria represent the upper confidence interval of the normal distribution, as reported by McBride et al. [1998] , and Reichelt et al. [1998] , respectively. Data are presented as median percentile7semi IQR for head circumference, and mean7SEM for 5-HT blood levels and global peptiduria.
within each component, the nature of these mechanisms remains open to interpretation. Nonetheless, our component structure does provide important clues pointing toward possible mechanisms which will deserve closer scrutiny in future investigations. The first component, ''circadian and sensory dysfunction,'' encompasses both signs and symptoms reminiscent of the old ''opioid hypothesis'' of autism, relating to endogenous or dietary peptides [Leboyer et al., 1994; Meisel & FitzGerald, 2000; Sahley & Panksepp, 1987] . However, multiple studies now refute these putative mechanisms [Cass et al., 2008; Dettmer, Hanna, Whetstone, Hansen, & Hammock, 2007; Hunter, O'Hare, Herron, Fisher, & Jones, 2003] . In a recent genome-wide expression study, as many as 15 circadian rhythm regulatory or responsive genes were identified as differentially expressed in lymphoblastoid cell lines derived from the most severely affected subgroup of autistic individuals [Hu et al., 2009] . Impaired melatonin synthesis and profound decreases in melatonin serum levels have been described in autistic children [Melke et al., 2008] . Among biological endophenotypes not assessed in our study, melatonin serum levels indeed represent the primary candidate to be tested for association with the ''circadian and sensory dysfunction'' component. The second component, ''immune dysfunction,'' provides further evidence of possible contributions to ASD by a dysreactive immune system, as discussed elsewhere [Garbett et al., 2008; Sacco et al., 2007; Vargas et al., 2005] . Immune proteins belonging to the major histocompatibility complex class I and to the complement cascade are also expressed in the brain, where they play a critical role in axonal guidance, functional plasticity and synaptic remodelling [Huh et al., 2000; Stevens et al., 2007] . Importantly, the present study unveils that the obstetric complications and recurrent spontaneous abortions, frequently reported by mothers of autistic children [Kolevzon et al., 2007] , could be related to this immune dysfunction. These and other results confirm that autism is not typically the consequence of obstetric complications [Glasson et al., 2004] , but may rather share with them some dysimmune pathophysiological underpinnings triggered prenatally and affecting the foeto-maternal unit. The third component, ''neurodevelopmental delay,'' closely resembles the ''developmental milestones'' factor described by TadevosyanLeyfer et al. [2003] , indicating that in many autistic children multiple developmental milestones indeed tend to be affected in parallel. This component correlates here with global amounts of oligopeptides found in the first morning urines of ASD patients (the sequence of the peptides contributing to specific HPLC peaks was not investigated here). Recent evidence suggests that abnormal calcium homeostasis, resulting in oxidative stress, could favor peptiduria at the kidney level (as occurs in diabetes), while affecting neurodevelopment at the brain level [Chauhan & Chauhan, 2006; Krey & Dolmetsch, 2007; Palmieri et al., 2010] . Finally component 4, ''stereotypic behavior,'' suggests that social smile develops independently of all the remaining behavioral milestones included in component 3. The neurobiological (1) Circadian and sensory dysfunctionsubstrate underlying social smile in a neonate, responding to the smile he/she observes in his/her parent's face, is represented by ''mirror neurons,'' frontocortical motoneurons which discharge to the same extent whether the subject is performing an action or whether he/she is observing the same action performed by another individual with the same purpose [for review see Rizzolatti & Fabbri-Destro, 2008] . The strong positive correlation between age at first social smile and stereotypic behaviors at intake (Table IV) , as well as the link with serotonin, are difficult to interpret at this time, although 5-HT ought to be recognized as more than just a neurotransmitter, since all the way from invertebrates to humans it regulates neurodevelopmental processes as relevant as cell proliferation, apoptosis, migration, synaptogenesis, neurite sprouting and pruning, and neural plasticity [for review see Persico, 2008] . The methodology implemented in this study presents several limitations, in reference to psychometric measures, statistical strategy and methods to measure biological endophenotypes:
(a) Psychometric measures: the unavailability of ADOS and ADI-R in Italy until 2005 forced us to use a questionnaire designed by our group, which has not undergone rigorous instrument validation. Some variables, such as familial psychiatric disorders and parental age, proven to represent pathogenetic contributors in autism after 1997 [Durkin et al., 2008; Larsson et al., 2005] , were not included. Also, the ADI-R would have indeed provided a more detailed clinical characterization: at least two clinical factors identified in recent years using the ADI-R, ''savant skills'' and ''insistence in sameness'' [Happé & Ronald, 2008] , were not addressed here. Several items, based exclusively on parental report, should be viewed with due caution, although parental reports constitute the sole information source also for several standardized scales such as ADI-R and VABS. The variable extent to which parents felt confident in responding at each item of our questionnaire generated large ranges in the completeness of clinical and family history data (see Table II ). This dyshomogeneity, coupled with different age-related inclusion criteria for biological endophenotypic measures, may have reduced our statistical power enhancing the probability of false-negatives, despite the elimination of items with low informativeness. Notwithstanding these limitations, our questionnaire was unanimously judged by clinicians both simple to administer and reliable, two critical features in a multi-center study. Furthermore, several patient and family history-related items relevant to this study would not have been picked by a clinical assessment limited to standardized diagnostic interviews. For example, many items regarding normal and abnormal behaviors are not scored here on the basis of ''presence/absence'' or ''degree of severity,'' but asking parents the age at onset. This strongly limits the replicability of our findings using already available data sets based exclusively on the ADOS or the ADI-R, unless a similar questionnaire is applied. Nonetheless, a few items (no. 2, 9, 26, and 27), mostly pertaining to the domain of stereotypic behaviors, can be directly correlated with specific ADOS or ADI-R items, yielding in our sample t coefficients ranging between 0.270 and 0.525 despite very small sample sizes (Supplementary Table S7 ). Also the diagnostic validity of our recruitment could be tested and confirmed after 2005, following the implementation of ADOS and ADI-R, since the same clinicians were involved in patient selection throughout the duration of this study.
(b) Statistical analyses: principal component analysis and similar statistical approaches have been frequently used to investigate autistic disorder. Researchers applying this strategy have typically administered standardized clinical assessment tools, such as the ADI-R, ADOS and VABS, seeking to achieve a detailed description of the patient's behavior and level of functioning ''here and now.'' This information was then used to dissect symptom and severity clusters out of the overall clinical phenotype [for review see Happé & Ronald, 2008] . This approach can be of paramount importance when attempting to improve the validity of symptom models implemented by standardized diagnostic protocols such as the DSM-IV [American Psychiatric Association, 1994] . However, it provides little or no clue regarding the pathophysiological processes underlying symptom clusters. The present study significantly extends previous findings and cannot be immediately placed within the context of published studies applying similar statistical approaches. Nonetheless, the general limitations of principal component analysis indeed apply also to our work and must be acknowledged, as there is no criterion beyond interpretability against which to test the solution [Tabachnick & Fidell, 1989] . We essentially defined our model based on the convergence and statistical consistency of principal component and unweighted least squares analyses, on the higher percentage of variance explained by this model compared to image factoring and maximum likelihood factoring, and on its higher biological plausibility. Component 4, ''stereotypic behavior,'' was maintained because its items show significant cross-correlations, a significant association with 5-HT blood levels and a strong biological plausibility, as discussed above. Component 5 was interpreted as a false-positive. Overall, the principal component structure presented here should be viewed with caution until independently replicated, especially in reference to the latter two components.
(c) Biological endophenotypes: an ''endophenotype'' can be best described as a familial and heritable quantitative trait associated with the disease [Gottesman & Gould, 2003] . In complex disorders, endophenotypes are used to define subgroups of patients likely sharing common genetic and pathophysiological underpinnings [Gottesman & Gould, 2003] . The endophenotypic measures employed in this study display several limitations: (I) endophenotypic and demographic data was available on subgroups of patients, and not on our entire sample. While we are striving to increase the number of patients with all three endophenotypic measures, currently this limitation is still significant, because the subgroups with physiological measures cannot be factor-analyzed due to small sample size. Since factors generated on a larger sample have then been correlated to physiological measures in smaller subsets, caution should be exercised in generalizing the results again to the entire group; (II) the sex-and age-specific standard tables used in most European countries as norms for head circumference, height, and weight in children were originally derived from Caucasian populations living in the US and the UK and are not nation-specific [Bushby, Cole, Matthews, & Goodship, 1992; Hamill et al., 1979] ; (III) 5-HT was measured in platelet-rich plasma obtained by using a straightforward and standardized centrifugation protocol [Rolf, Haarmann, Grotemeyer, & Kehrer, 1993] , and consequently 5-HT levels were not normalized by platelet numbers; (IV) global amounts of urinary peptides were measured by integrating the total AUC of the HPLC plot and single peaks were not measured, because the latter approach has not been replicated [Cass et al., 2008; Dettmer et al., 2007; Hunter et al., 2003] . We acknowledge that more precise methods would have conceivably yielded more accurate estimates of sample distributions. However, the appropriateness of a given methodology is strictly dependent on the specific experimental question that is being addressed. In the present study, our methods have been evidently able to pick correlations whose strength appears to largely outweigh the sum of naturally occurring variability plus spurious variability introduced by methodological limitations. Furthermore, our use of morphological and biochemical endophenotypes provides at least two advantages over behavioral endophenotypes, namely enhanced reliability and greater validity. Biological parameters are measured using standardized and/or automated procedures, generally more reproducible than psychometric measures. Their lesser complexity and greater proximity to the genetic level facilitates the interpretation of the results. Finally, family members of the autistic patients enrolled in this study were used to demonstrate the existence of familiality for these three parameters, further enhancing confidence in the appropriateness of their use as an ''endophenotype'' and of our measurement methodologies.
In conclusion, our data suggest the existence of at least four components contributing to autistic disorder and their association with biological endophenotypes. These results open the exciting perspective of allowing the identification of homogeneous subgroups of ASD patients, as suggested by preliminary cluster analyses, indicating that the distribution of the cumulative component scores allows each patient to be categorized into one of several relatively homogeneous subgroups (Roberto Sacco and Antonio M. Persico, manuscript in preparation). The absence of other pathophysiological components in this study may simply indicate that the measures employed here were not designed to identify them, or that our sample was underpowered to detect these additional components. Until this principal component structure is confirmed in component-specific replication studies, caution should be exercised in applying our conclusions to other samples. If confirmed, these results will contribute to design better-targeted mechanistic studies aimed at achieving a more thorough understanding of the pathophysiological processes leading to autism. On a broader scale, they may also apply to normal cognitive diversity in the general population, where nocturnalism and weak circadian rhythms, allergies, motor delay and clumsiness often times characterize individuals distributed along the autism spectrum.
